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@) Method of supporting and/or conveying a plate with fluid without physical contact 

@ The method comprises 

providing a flat surface (11) extending at opening (5) of a 
delivery pipe (3) to the substantially perpendicular direction to the 
flow direction of fluid (7) in pipe (3) and 

providing a ring-shaped or annular inhaling opening (4) of a 
suction pipe (1 ) around flat surface (1 1 ), 

the lower periphery of the outer wall of the outer pipe 
extending lower than flat surface (11) to form a stopper (12), 
moving the openings (4) and (5) near the plate (8), 
' delivering fluid (7) from delivery pipe (3), 
' inhaling fluid in inhaling opening (4), 
1 to support the plate (8), such as a semicondcutor wafer or a 
magnetic disc, near and at a constant distance 

from flat surface (1 1 ) without physical contact therewith, and 
^- to prevent disturbance of the surrounding atmosphere by the fluid 
and attachment of dust on the plate (8), 

or providing a flat surface (1 1 ) extending at opening (4) of an 
inhaling pipe (1 ) to the substantially perpendicular direction to the 
O flow direction of fluid (6) in pipe (1) and 

providing a ring-shaped or annular opening (5) of a delivery 
pipe (3) around flat surface (11), 
O or delivering said fluid (7) from said delivery opening (5). 
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METHOD OF SUPPORTING AND/OB CONVEYING 
A PLATE WITH FLUID WITHOUT PHYSICAL CONTACT 

1 BACKGROUND OF THE INVENTION 

1-1 FIELD OF THE INVENTION 

The present invention relates to a wethod of supporting and/or conveying 
a plate with fluid without physical contact. It is especially useful for 
supporting and/or conveying plates such as silicone wafer and floppy disc whose 
surface should be protected frow minute scratches or contamination without 
physical contact in fluids such as air and conveying them if necessary in the 
floating state. 

1-2 DESCRIPTION OF THE PRIOR ART 

The inventor of the present invention proposed in Japanese patent No. 
40343/1976 a Method of supporting a plate with fluid without physical contact, in 
which a^suction pipe and a delivery pipe which has an orifice near its delivery 
opening are assembled as the openings of suction pipe and of delivery pipe look 
on the saae direction, a fluid is inhaled in the suction pipe and at the saae 
time a fluid is delivered frow the orifice to support a plate near the openings 
without physical contact. 

More particularly* as shown in Figs. 1 and 2. a suction pipe 1 and a 
delivery pipe 3. said delivery pipe 3 being provided with an orifice 2 near the 
opening* are assembled as both openings 4, 5 of both pipes look on the same 
direction, a fluid 6 such as air is inhaled in the suction pipe 1 and at the 
saae tiwe a fluid 7 such as air is delivered frow the orifice 2 as a jet flow, 
the neative pressure at the suction pipe 1 and the delivery pressure at the 
delivery pipe 3 being adjusted in proportion to the weight of plate to be 
supported, openings 4, 5 are faced below over a plate 8. Then the plate 8 can 
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be supported ia the air without physical contact, keep i if the distaace between 
the openings 4. 5 and the flat plate 8 constant in the range of aboat 1.5 an 
to sever 1 an, aad the plate 8 can also be conveyed horizontally, keeping the 
distance a. by applying a little force to the horizontal direction. In the 
drawing, 9 and IB are dacts. 

In the case that the vertical delivery openiag 5 is extended to the 
substantially perpeadicnlar direction (horizontal) to the flow of flaid ia the 
delivery pipe 3 to forn a flat serf ace 11 aad a plate 8 is broaght aader the 
openiag 5 (Fig. 5), when the current speed of flaid 7 in the pipe 3 is constant, 
and Mhen the distance of the gap h between the flat serf ace 11 aad the upper 
face of plate 8 decreases . the enrreat speed of flaid in the gap h increases, 
and the static pressure at the gap h decreases in accordance with Bernoulli's 
theoren. When this static pressare decreases to beaeath ataoapheric press are 
and the product of this aegative pressure aad the area of the gap reaches to 
balance with the weight of plate 8. the plate 8 shoald float ia the air wi thorn t 
physical contact, with delivery pipe only aad without section pipe. 

Ia the inventor's prior invention disclosed in Japanese patent applica- 
tion Xo. 71950/1985, the inventor has disclosed the test resalts of this 
theory, in which n plate was supported and/or conveyed with flnid without 
pbysical contact, by providing a flat surface 11 extending at openiag 5 of a 
delivery pipe 3 to the substantially perpendicular directioa to the flow 
direction of fluid 7 in said pipe 3, aoviag the opeaiag 5 Bear a plate 8, aad 
delivering fluid 7 froa delivery pipe 3, as shown in Figs. 3 aad 4. 

2 SUHHAfiY OF TEE IKVEMTIOK 

In the above-aentioned prior patent application, ia the case of floating 
plate in air, the air 7 delivered froa the gap between the flat surface 11 and 
the plate 8 disturbs the surrounding a tao sphere to raise a dust ia the rooa. 
The aforeaentioned plate such as silicone wafer aad floppy disc has been 
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handled in the clean room controlled to remove dust, but such a 
plate should be handled in the room with little disturbance of air 
and prevented from attaching of dust. Accordingly, ' the delivered 
fluid 7 should not be delivered from the edges of flat surface 11 
and of plate 8 to the surrounding atmosphere. 

The object of the present invention is to support and, at 
need, to convey a plate in the air (and other fluids) without 
physical contact, preventing the disturbance of surrounding 
atmosphere by the fluid delivered from the gap between the flat 
surface 11 and the plate 8, and preventing the attachment of dust 
on the plate 8. 

This object can be achieved by providing suction opening(s) 
at the periphery of the flat surface 11 in the prior application, 
and inhaling the delivered fluid into the suction opening (and 
suction pipe) . Same effect can be obtained by providing a flat 
surface extending at opening of an inhaling pipe to the 
substantially perpendicular direction to the flow direction of 
fluid in said inhaling pipe, and providing a ring-shaped or annular 
delivery opening of a delivery pipe around the periphery of the 
flat surface, to prevent the delivery of fluid from the gap between 
the flat surface and the plate to the surrounding atmosphere. 

The principle of the present invention is that the fluid 7 
delievered from the delivery pipe 3 forms a jet stream, passes in a 
little gap h between the flat surface 11 and the plate 8, and is 
inhaled in the suction pipe 1 as shown in Fig. 5. The section area 
of the gap h is extremely small compared with the section area of 
the delivery area of the delivery pipe 3, and the flow speed of the 
fluid in the gap becomes extremely high compared with the flow 
speed in the delivery pipe 3, and the static pressure in the gap h 
is lower than the atmospheric pressure, and then the plate 8 is 
supported in the fluid without physical contact. 

If the plate 8 would come in contact with the flat surface 
11, the flow speed of fluid in the delivery pipe 3 would become 
zero, the plate 8 would receive the delivery pressure in the pipe 
3, therefore the plate 8 cannot contact with the flat surface 11. 
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3 BRIEF BESCBIPTIOff OF TIE BfialflMGS 

Fig, 1 is a vertical sectioaal vie* of the esseatial part showiag a 
prior art to svpport aad float a plate «itk flaid withovt physical coatact, 
Fie 2 is the bottoa vie* of Fig. 1, 

Fig. 3 is a vertical sectioaal vie* of tie esseatial part showiag tke 
prior pa teat applies tioa. 

Fig. 4 is the sectioaal view takea apoa tke liae A - A of Fit. 3. 

Fig. 5 is a vertical sectioaal vie* of tke essential part showiag aa 
exaaple of tke preseat iaveatioa, 

Fig. 6 is a vertical sectioaal view of tke esseatial part showiag a 
aodification of Fig. 5, 

Fig. 7 is tke sectioaal view takea apoa tke liae 1 - ft of Fig. 6. 

Fig. 8 is a vertical sectioaal view of tke esseatial part skoviag 
soother aodificatioa of Fig. 5, 

Fig. 9 is a vertical sectioaal view of tke esseatial part skoviag tke 
other sodificatioa of Fig. 5, 

Fig. II is the sectioaal view takea apoa the liae G - C of Fig. 9. 

Fig. 11 is a vertical sectioaal view of the esseatial part skoviag 
another exaaple of tke preseat iaveatioa. 

Fig. 12 is the sectioaal vie* takea vpoa the liae D - S of Fig. 11, 

Fig. 13 is a vertical sectioaal vie* of the esseatial part shoving 
a aodification of Fig. 11, 

Fig. 14 is the sectioaal view takea apoa tke liae E - E of Fig. 13. 

Fig. 15 is a vertical sectioaal vie* of tke esseatial part sko*iag 
another exaaple of tke preseat iaveatioa. 

Fig. 16 is tke sectioaal vie* takea apoa tke liae F - F of Fig. 15* 

Fig. 17 is a vertical sectioaal vie* of tke esseatial part skowiag 
a aodification of Fig. 15, 

Fig. 18 is the sectioaal vie* takea apoa the liae G - C of Fig. 17, 
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Fig* 19 is a plan view of an exaaple of the plate bandied in the 

example in Pig. IS. 

Fig. 20 is the sectional view taken upon the line B - H of Fig. 19, 
Fig. 21 is a plan view of another example of the plate handled in the 

exaaple in Fig. 15, 

Fig. 22 is the sectional view taken upon the line J - J of Fig. 21* 
Fig. 23 is the sectional view taken upon the line I - K of Fig. 21, 
Fig. 24 is a plan view of a third exaaple of the plate handled in the 

exaaple in Fig. 15, 

Fig. 25 is an elevation of the essential part showing an other 

exaaple of the present invention, a portion of the structure being broken away 

for the purpose of illustration, 

Fig. 26 is the elevation of the essential part showing a aodification 

of Fig. 25, a portion of the structure being broken away for the purpose of 

i 1 lustration, 

Figs. 27 and 28 are the sectional views taken upon the line L - L of 

Fig. 26, 

Fig. 29 is the vertical sectional view of the essential part for 
illustrating the action and the effect of the present invention, 
and Fig. 30 is a graph showing relations of the distance h between flat 
surface 11 and plate 8 and force F given on the plate 8 and static pressure 
?z in the delivery pipe. 
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4 DESCRIPTION OF TIE PREFERRED EMBODIMENTS 

Exawple 1 

As shows in Fig. 5, opening 5 of a vertical delivery pipe 3 with round 
section is extended to the substantially perpendicular direction to forn a 
flat surface ll f acytfnidcal sccticnpipe 1 ispacwi^amriitte d^^p^e3 f 
the end of which is an opening 4 around the fiat surface 11, the lower periphery 
of the outer wall of the suction pipe 1 is extended several to 20 

lower than the flat surface II to font a stopper 12. the delivery pipe 3 is 
connected to a delivery opening (not shown) of fan, and the suction pipe 1 is 
connected to a suction opening (not shown) of fan. 

Openings 4 and 5 are aioved near a plate 8. air 7 is delivered frow 
delivery pipe 3 and air 6 of the saae voluwe as of the air 7 is inhaled in 
suction pipe 1. The plate 8 floats in the air without contacting with 
openings 4, 5 and the flat surface 11, and also can be conveyed with the whole 
apparatus by woving the whole apparatus. 
Exawple 2 

As shown in Figs. 6 and 7, several vertical delivery pipes 3, 3 

are combined together and connected to a duct 16, openings 5, S of said 

delivery pipes 3, 3 are connected by large round plate, which forws a flat 
surface 11 substantially perpendicular to the flowing direction of air 7 in the 
delivery pipes 3, a suction pipe 1 is provided around the delivery pipes 3, 

3, 3 . the lower periphery of the outer wall of the suction pipe 1 

is extended several to 20 lower than the flat surface 11 to forw a 
stopper 12, the duct 10 is connected to a delivery opening (not shown) of fan, 
and the suction pipe 1 is connected to a suction opening (not shown) of fan. 

Openings 4 and 5 are aoved near a plate 8, air 7 is delivered froa 

delivery pipes 3, 3 and air 6 of not less voluwe than of the air 7 is 

inhaled in suction pipe 1. The plate 8 floats in the air without contacting 
with openings 4, 5 and the flat surface 11, and also can be conveyed with the 
whole apparatus by woving the whole apparatus. 
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Example 3 

As shown in Fig. 8, opening 4 of a vertical suction pipe 1 with round 
section is extended to forw a flat surface 11 substantially perpendicular 
to the flowing direction of fluid 6 in the suction pipe 1, a cylindrical delivery 
pipe 3 is provided around the lower part of said suction pipe 1, the lower 
periphery of the outer wall of the delivery pipe 3 is extended several 

«■ to 20 mm lower than the flat surface 11 to forw a stopper 12, the delivery 
pipe 3 is connected to a delivery opening (not shown) of fan, and the auction 
pipe 1 is connected to a suction opening (not shown) of fan. 

The flat surface 11 is woved near a plate 8, air 7 is delivered frow 
delivery pipe 3 and air 6 of the sate voluwe as of the air 7 is inhaled in 
suction pipe 1. The plate 8 floats in the air without contacting with the 
flat surface 11, and also can be conveyed with the whole apparatus by wowing 
the whole apparatus. 
Exawple 4 

As shown in Figs. 9 and 10, opening 4 of a vertical suction pipe 1 
with round section is extended to forw a flat surface 11 substantially 
perpendicular to the flowing direction of fluid 6 in the suction pipe 1, a 
suitable nuwber of delivery openings 5* 5 -* - are provided near the periphery 
of the flat plate 11, a wall is provided outside of the suction pipe 1 and 
upon the flat plate 11 to forw a torus delivery pipe 3, the lower periphery of 
the pipe wall of the delivery pipe 3 is extended several mm to 20 mm lower 
than the flat surface 11 to forw a stopper 12, the delivery pipe 3 is 
connected to a delivery opening (not shown) of fan, and the suction pipe 1 is 
connected to a suction opening (not shown) of fan. 

The flat surface 11 is woved near a plate 8, air 7 is delivered frow 
delivery pipe 3 and the delivered air is inhaled in suction pipe 1 (air 6). 
The plate 8 floats in the air without contacting with the opening 4 and the 
flat surface 11, and also can be conveyed with the whole apparatus by Moving 
the whole apparatus. 
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Even when the two faces of the plate 8 are prohibited physical contact, 
the edge of the plate is allowed to contact to other solids in many cases. Ia 
this case, the plate 8 supported below the flat surface is supported at its edge 
by the stopper 12, the plate 8 can be revolved with the rotation of whole 
apparatus, to be supported vertically* and also caa be revolved further to 
be supported horizontally upon the flat surface 11 without physical contact. 

The flow directions of airs 7 and 6 caa be reverse as shown in Pigs. 5 

and 8. 

in the above Exaaples 1 to 4. d urine supporting and conveying the plate 
8 under the flat surface II without physical contact and at a constant distance 
froa the flat surface 11. and during revolving the plate with the apparatus to 
verticl position or to the uppers ide of the flat surface, the supporting of 
the plate 8 has a risk to becowe unstable, aauely, the plate 8 vibrates up and 
down by a little fluctuation of fluid's flow or of conveying speed. Then 
the distance h of the flat surface 11 and the plate 8 fluctuates, fluid T can 
not flow in the gap between the flat surface 11 and the plate 8, to fluctuate 
the static pressure in the gap and to contact the plate 8 and the flat surface 
11. 

The object of the following Exaaples 5 and 6 are to delete the above 
disadvantage, to prevent the unstable vibration of the plate 8 in the supporting 
and conveying process, and to support or coavey the plate 8 and further to revolve 
the plate 8 to the vertical position aad to the horizontal position upon the flat 
surface 11 without physical contact. This object is achieved by cutting channels * 
radially on the flat surface 11. according to the following Exaaples 5 and 6. 
Exauple 5 

As shown in Figs, 11 and 12, opening 5 of a vertical delivery pipe 3 with 
round section is extended to the substantially perpendicular direction to forn 
a flat surface II, the flat surface 11 is provided with aany channels 13, 13. 13 

frou the opening 5 to the outer periphery, a suction pipe 1 is 

provided around the delivery pipe 3, the end of which is an opening 4 around the 
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flat surface 11, the lower periphery of the outer Mall of the- torus suction 
pipe 1 is extended several mm to 20 mm lower than the flat surface 11 to fom 
a stopper 12, the delivery pipe 3 is connected to a delivery opening (not shown) 
of fan, and the suction pipe 1 is connected to a suction opening (sot shown) of 
fan. 

When the flat surface 11 is woved near a plate 8 and air 7 is delivered 
fro* delivery pipe 3 and air 6 is inhaled in suction pipe 1. the air radially 
flowing in the gap of the flat surface 11 and the plate 8 is rendered unifora 
and stable by the channels 13. 13. 13"*" * and the air flow is prevented to 
becoae unstable or to fom aireddy in the case of decelerated flow, Ind the 
plate 8 floats stably in the air without vibrating up and down and without 
contacting with opening 5 and the flat surface 11. the plate keeps constant 
distance froa the opening 5 and the fiat surface 11, and further can be conveyed 
with the whole apparatus by moving the aparatus; or by supporting the edge of 
the plate 8 by the stopper 12. the plate 8 can be revolved with the rotation of 
whole apparatus, to be supported vertically, and also can be revolved further to 
be supported horizontally upon the flat surface 11 without physical contact. 
The flow direction of air 7 can be reverse of the arrow in Fig. 11. 
Exawple 6 

As shown in Figs. 13 and 14, opening 4 of a vertical suction pipe 1 is 
extended to for* a flat surface 11 substantially perpendicular to the flowing 
direction of fluid 6 in the suction pipe, a suitable nuaber of delivery 
openings 5, 5*"* are provided near the periphery of the flat plate 11, the flat 
surface 11 is provided with many channels 13, 13, 13 • - - preferably froa the 
opening 5 to the inner periphery, the channels being curved and/or inclined 
froa the radial direction, pipe wall is provided outside of the suction pipe 1 
and upon the flat surface 11 to forw a delivery pipe 3, the lower 

periphery of the outer wall of the delivery pipe 3 is extended several aw to 20 
«w lower than the flat surface 11 to forw a stopper 12, the delivery pipe 3 is 
connected to a delivery opening (not shown) of fan, and the suction pipe 1 is 
connected to a suction opening (not shown) of fan. 
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The flat surface 11 is moved near a plate 8. air 7 is delivered from 
delivery pipe 3 and the delivered air is inhaled it suction pipe 1 (shown as 
air 6>. The plate 8 floats in the air without contacting with the fiat surface 
11, without vibrating up and down as it rotates by the air flow along the 
radial and curved channels 13. 13--* . holding its relative position to the 
fiat surface 11. The plate 8 can also be conveyed with the whole apparatus 
by moving the whole apparatus. The flow direction of airs 7 and 6 can be 
reverse as shown in Fig. 13. 

In Examples 5 and 6 the shapes of section of delivery pipe 3, of 
section of suction pipe 1, of flat surface 11 and of stopper 12 are round, 
they are of course not to be limited to round shape, namely they can be 
elliptic, polygonal, etc. 

The above examples relate to supporting and/or conveying a plate 
without hole, and a plate with hole as a hard disc with hole cannot be 
supported, as in Fig. 5, for example, when the plate 8 has a hole below the 
opening 5. fluid 7 cannot flow into the gap between the flat surface 11 and the 
plate 8, negative pressure does not produce in the gap h, and the plate can not 
be supported or floated in tbe atmosphere without physical contact. 

Exaaples 7 and 8 has the object to delete the above disadvantage, to 
support and/or convey a plate with hole such as hard disc with hole without 
physical contact, or revolving from its horizontal state to vertical state and 
farther to reversed horizontal state. This object is achieved by providing 
a ring-shaped flat surface put between a ring-shaped opening of delivery pipe 
and a ring-shaped opening of suction pipe (these two openings being concentric). 
Example 7 

As shown in Figs. 15 and 16, a ring-shaped opening 5 of a delivery pipe 
3 is extended to the perpendicular direction to form a ring-shaped flat surface 
11, a torus suction pipe 1 is provided, the end of which is a ring-shaped 
opening 4 around the flat surface 11, inner periphery of the ring-shaped 
opening 5 and outer periphery of the ring-shaped opening 4 are extended several 
mm to 20 mm lower than the flat surface 11 to form stoppers 12a, 12b. the 
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delivery pipe 3 is connected to a delivery opening (not shown) of fan. the 
auction pipe 1 is connected to a suction opening (not shown) of fan, and the 
inner face of divergent part of delivery pipe 3 is supported by connecting 
with suitable points of inner face of outer wall by connecting rods 14* 14. 

Openings 4 and 5 are Moved near a round plate 8 with round hole as 
shown in Fig. 15. positions of inner periphery 12a of the opening 5 and the 
hole of plate 8 are arranged, air 7 is delivered from delivery pipe 3 and 
the delivered air 7 is inhaled in suction pipe 1 as shown as arrow 6. The 
plate 8 floats in the air without contacting with openings 4, 5 and the flat 
surface 11, and also can be conveyed with the whole apparatus by Moving the 
whole apparatus. 
Exawple 8 

As shown in Figs* 17 and 18, a ring-shaped opening 5 of a delivery 
pipe 3 is extended to both inner and outer sides substantially perpendicular 
to the flowing direction of fluid 7 in the delivery pipe 3 to forw a ring- 
shaped flat surfaces 11a, lib, a suitable nuaber of suction openings 4a, 4a 

are provided near the inner periphery of the inner flat plate 11a, a 
suitable nuaber of suction openings 4b, 4b--- are provided near the outer 
periphery of the outer flat plate lib, a pipe wall 15 is provided inside of 
the delivery pipe 3 to forw a cavity la, said suction openings 4a, 4b 
connecting with cavity la and suction pipe 1 respectively, auction pipe 1 
and cavity la are connected with a suitable nuaber of connecting pipe lb, 
inner periphery of flat surface 11a and outer periphery of flat surface lib 
are extended downwardly several mm to 20 ■■ lower than the flat surfaces 11a, 
lib to fora stoppers 12a, 12b, the delivery pipe 3 is connected with a 
delivery opening (not shown) of fan, and the suction pipe 1 is connected with 
a suction opening (not shown) of fan. 

Opening 5 is woved near a round plate 8 with round hole as shown in 
Figs. 19 and 20, positions of inner periphery 12a of the cavity la and the 
hole of plate 8 are arranged, air 7 is delivered froa delivery pipe 3 and air 
6 of sawe voluae as of air 7 is inhaled in suction pipe 1 as shown as arrows 6. 
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The plate 8 floats in tbe air without contacting with openings 4a, 4b, S and 
flat surfaces 11a. lib, holding a constant distance froa then, and also can 
be conveyed with the whole apparatus by soring the whole apparatus. The flow 
directions of airs 7 and 6 can be reverse ia Exaaples 7, 8. 

In tbe above Exaaples 7 and 8t the plate 8 is described as of round 
figure with round hole; but any plate of different shape such as a rectangular 
plate with rectangular hole as shows ia Pigs. 21 - 23, or a triangular plate 
with round hole as shown ia Fig. 24 can be supported and/or conveyed ia the 
sawe way by fitting the shape of flat surface 11 to the shape of the plate, 

ilthough the above-wen tioned exaaples can be used as the essential 
parts of wechanical holding and conveying systews, the following Exaaples 9 
and 18 relates to the Modifications to hold and convey a plate without 
physical contact by handwork. 
Exawple 9 

As shown ia Pig. 25, opening 5 of a vertical delivery pipe 3 with 
round section is extended to the substantially perpendicular direction to 
forw a flat surface 11, a suction pipe 1 is provided aroand the 

delivery pipe 3, the end of the outer wall of the suction pipe 1 forws an 
opening 4 around the flat surface 11, the lower periphery of the outer wall 
of the torus suction pipe 1 is extended several mm to 28 aw lower than the 
flat surfae 11 to forw a stopper 12, the delivery pipe 3 being installed in 
the suction pipe 1, the suction pipe 1 is elongated to forw a handle 16* 
delivery pipe 3 and suction pipe 1 are separated at the end of the handle 16. 
the delivery pipe 3 is connected with a delivery opening (not shown) of fan, 
and the suction pipe 1 is connected with a suction opening (not shown) of fan. 
The inner walls of the delivery pipe 3 and of the suction pipe 1 are 
preferably provied with f low-unif orniag plates 17. 

Eandle 16 is holded by hand, the flat surface 11 is aoved near a plate 
8, air 7 is delivered froa delivery pipe 3 and air 6 of the sane voluae as of 
the air 7 is inhaled in suction pipe 1. The plate 8 floats in the air without 
contacting with openings 4, 5 and the flat surface 11, and also can be conveyed 
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with the whole apparatus by Moving the whole apparatus, or by supporting the 
edge of the plate 8 by the stopper 12* the plate 8 can be revolved with the 
rotation of whole apparatus, to support the plate 8 vertically, and also can 
be revolved further to support the plate 8 horizontally upon the flat surface 11 
without physical contact* 
Exaaple 1 0 

As shown in Pigs. 26 and 27, opening 5 of a vertical delivery pipe 3 
with round section is extended to fora a flat surface 11 perpendicular to the 
flowing direction of fluid 7 in the delivery pipe 3* a suitable nuaber of 
suction openings 4, 4*-' are provided near the outer periphery of the flat 
plate 11, pipe wall is provided outside of the delivery pipe 3 and upon the 
flat plate 11 to for* a suction pipe 1, suction pipe 1 is elongated to 

form a handle 16, switch 19 of a fan 18 is provided at a suitable position of 
handle 16, the delivery pipe 3 is connected with a delivery opening (not shown) 
of fan 18, the suction pipe 1 is connected with a suction opening 20 of fan 18, 
the lower periphery of the outer wall of the suction pipe 1 is extended several 

to 20 aw lower than the flat surface 11, to fora a stopper 12. The inner 
wall of the suction pipe 1 is preferably provided with f iow-unif oraing plate 17. 
The shape of suction openings 4. 4 - - - of flat plate 11 way be Modified as 
shown in Fig. 28, for exaaple. A plate 8 can be supported and/or conveyed 
without physical contact similarly as in Exaaple 9. 

The flow directions of airs 7 and 6 can be reverse in Exaaples 9 and 10. 
^OtJher^ExaapIes. 

In the above exaaples, aethod of supporting and/or conveying a plate in 
the air using air as fluids 6 and 7, but a plate can be supported and/or 
conveyed using any gas other than air or water or any other liquid as fluids 6 
and 7. Fluids 6 and 7 other than the fluid surrounding the plate 8 and the 
apparatus can also be used. For exaaple, a plate 8 can be washed by using a 
liquid detergent as fluids 6 and 7, and thereafter dried by using air of rooa 
teraperature or heated air as fluids 6 and 7. 
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5 ACTION OF TIE PRESENT INVENTION 

In the apparatus shown Is Fig. 5. when * plate 8 was supported in the air 
under the conditions of 

V weight of plate 21 c 

Pj jet pressure of delivered fluid II g/c«* 

Pj> negative pressure between flat 

surface and plate -41 mmkq 

Aj> area of cross section of 

opening 5 2.84 cn x 

kp area of flat surface 11 17*6 ca 3 , 

the plate 8 was supported with 1.5 mm of the distance h between the npper surface 
of the plate 8 and flat surface 11. 

Using the apparatus as shown in Fig* 29» the relntion of suction force - F 
(g) or pressure force +* F (g) and static pressure la the delivery pipe ? z (auAq) 
was ueasured. 

Solid lines in Fig. 30 show relations between h and F and ? z at the 

conditions of 

2kB inside diameter of delivery pipe 3 19 
2St outside diameter of flat surface 11 51 mm 

Ds dianeter of round plate 8 56 mm 

fi weight of round plate 8 28 g 

P 2 o static pressure in the delivery 

pipe 3 when air 7 was introduced 

in the delivery pipe 3 and 

opening 5 was closed 358 uwaq, 450 ■aiq, 550 nuftq. 

The graph shows that 

1) the flat surface 11 and the plate 8 can not contact, as the plate 8 receives a 
pressure at the point of h = 8, i. e., when the plate 8 will contact with the flat 
surface 11. 

2) when the distance h between the both surfaces becones about 6.3 nn, the pressure 
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in the fap between the both surfaces becomes negative, aod this negative 

pressure increases as the gap h becoaes large, 
3) when the distance fa becomes larger than about 4.3 the pressure in the gap 

becoaes pins, i. e. larger than the ataopheric pressure. 

Thus the plate can be supported without physical contact in the range of 
negative pressure in the graph. 
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5-2 ANALYSIS OF TIEOKT 

Symbols of soue factors in Fig. 5 are designated as showa ia Fie 32, 
i. e. , as follows : 

ia pipe at opeaiag at aay poiat at exit of 

flat surface 



radius 


kfi 


kB 


rS 


B 


pressure 


P* 


P/ 


P 


Po 


speed 




*/ 


T 




gap 




k 


k 


k 



Dsing equation of continuity. 

2icfikv 0 - 2*(rR)kv * 2 * (kB)kv, = * (krf » z Q) 

Designating tke density of flmid as * (1.3 kg/« 3 ia tke case of air) aad tke 
loss coefficient of contraction as e^ (about 1.3 ia tke case of air), applying 
Bernoulli's theorem at tke entry of tke fiat surface, 

Substituting equation (2) to equation (3) 

I ^"F?' V o + 7 (P « > + I^ V oV -0 (4) 

p * p < 2 1T (1 + v-^ (5) 

Applying Bernoulli's tkeorea at a differential part of flat surface 



d (' * ) +i d p +;vf |d (rR) «0 



(6) 
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wherein f designates a coefficient of friction, and f is 16/Be in the case of 
laminar flow. 

Equivalent diameter (hydraulic diameter) between flat surfces is 
area of cross section ^ 

d e - 4 x 4 x iiLi. - 2 h (7) 

wetted periaeter 

It 8/* SM- r 



Re fcfv -&f>V 0 
Substituting equation (8) to equation (6) 



(8) 



4 (IvM + l dP + J j ^!££>-0 (9) 
Integrating this equation 

L iv * +1 (Po _ P) h r - 0 do) 

P. -P^Pv ( l (-^-l) + -^Hl.r (11) 
At the entry of the flat surface, equation (11) is 

Po _ P . = ±£g {l _ k * , lBk (12) 



Eliminating P, from equations (12) and (5) 

The value of v 0 can be obtained by knowing ? x - P 0 from this equation (13). 
Force acting on pipe part upwardly is 

F ( - n (k R) 1 (P 0 - P x ) (14) 
Force acting on flat surface part upwardly is 



F 5 - |(Po-P)2*(rR)d(rR) 



*R~ /(P 0 -P) d (r* ) (15) 

k 
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Substituting eqaatioa (11) to equation (15) and integrating 

h* - «■ [{ "o 2(U kS 1 " k *> ♦ ^ < k *U k*- kS l)j (16) 
Force acting all parts is 

F m F ^ F 

- -^(k*(P a - P 0 ) * i*itl* k \ 1 - iT) * ^Vln k - k% 1)] 

(17) 

Substituting v 0 found frou eqaation (13) to equation (17), F can be found. 

Fig. 33 snows aeasared values and valves calculated by equation (17) of 
P (intersecting the axis of abscissas) and areasured values of (not intersectii 
the axis of abscissas) in the conditions of 

Fluids 6, 7 air 

Static pressure P^, at opening 5 when the opening 5 is closed 

350 naaq. 450 uAq, 551 awlq 

Inner dianeter (2kfi) of derivery pipe 3 19 
In the drawing solid lines of F show aeasared valves, and broken lines show 
the calculated valves of F assuming e v as 0.3. The drawing shows that there are 
soae differences between aeasared values and calculated values, but these two 
groups of curves have the sane tendency. 
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6 EFFECT OF THE PRESENT INVENTION 

In the nethod disclosed in my Japanese patent No. 40343/1976 as shorn* in 
Figs. 1 and 2, the combination of suction pipe and delivery pipe was essential 
to support a plate without physical contact. 

In the aethods disclosed in my prior Japanese patent application No. 
71950/1985 and in the present invention, a plate with flat upper surface can be 
supported near and under the opening of delivery pipe by providing a flat 
surface extending frow the opening of delivery pipe, and the plate can be 
conveyed with the apparatus when sowe stoppers are provided extending below the 
periphery of the flat surface. In these Methods the plate having a flat upper 
surface can be conveyed to the horizontal direction with the apparatus by aoving 
the apparatus. 

In the aforesaid prior application, delivered air 7 is delivered frow 
the gap between the flat surface 11 and the plate 8, the air 7 disturbs the 
atwosphere and the plate 8 is in danger of being stained with winute particles 
of dust. In the present invention, the delivered air 7 frow the gap between the 
flat surface 11 and the plate 8 is iwwediately inhaled into the suction pipe 1 
and does not spread into the atwosphere, dusts in roow cannot be blown up and 
attach on the plate. 

Two fans way be used, one for delivering the air 7 in the delivery pipe 
3 and another for inhaling the air 6 into the suction pipe; or only one fan say 
be used for both delivering and inhaling. If only one fan is used, the flow of 
air forws a closed circuit, i. e., delivery pipe 3 to suction pipe 1 to fan to 
delivery pipe 3 (but a little atwospheric air can enter the circuit frow the gap 
between the stopper 12 and the plate 8). and little dust can enter into the 
circulating air frow atwosphere. 

When starting the operation of supporting a plate, it is not preferable 
to wove the opening 5 of delivery pipe 3 near the plate 8 after starting the 
fan, as the delivered air disturbs the surrounding atwosphere, but it is 
preferable to start the fan after the opening 5 has been near the plate 8. 
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In tbe Examples 5 and 6. as tke flat surface 11 is provided with channels 
13. the flow of the fluid in the cap between the flat surface and the plate is 
rendered sore uniform, and cannot arouse aireddy, the static pressure of air in 
the gap between the flat surface and the plate cannot chance, up-and-down 
vibration of the plate is completely prevented. When the flat surface 11 is 
provided with channels 13 carved and/or inclined from the radial direction, the 
plate can be supported and/or conveyed further stably by cyroscopic effect, as 
the floating plate rotates by the circling flow of fluid in the gap between the 
flat surface and the plate. 

The present invention is extremely effective for conveying and/or 
handling of plates, such as semiconductor wafer* magnetic disc, mirror, which 
should not be marred or stained and cannot be touched with hand or gripper, 
in their producing or packing process. 
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CLAIMS: 

1. Method of supporting and/or conveying a plate (8) with 
fluid without physical contact, conprising 

providing a flat surface (11) extending at opening (5) of a 
5 delivery pipe (3) to the substantially perpendicular direction to 
the flow direction of fluid (7) in said pipe (3), 

providing a ring-shaped or annular inhaling opening (4) of 
a suction pipe (1) around said flat surface (11), 

the lower periphery of the outer wall of the outer pipe 
10 extending lower than said flat surface to form a stopper (12), 
moving the openings (4) and (5) near the plate 8, 
delivering said fluid (7) from said delivery pipe (3), 
inhaling said fluid in said inhaling opening (4), 
to support the plate (8) near and at a constant distance 
15 from said flat surface (11) without physical contact therewith. 

2. Method of supporting and/or conveying a plate (8) with 
fluid without physical contact, conprising 

providing a flat surface (11) extending at opening (4) of 

an inhaling pipe (1) to the substantially perpendicular direction 
20 to the flow direction of fluid (6) in said pipe (1), 

providing a ring-shaped or annular opening (5) of a 

delivery pipe (3) around said flat surface (11), 

the lower periphery of the outer wall of the outer pipe 

extending lower than said flat surface to form a stepper (12), 
25 moving the openings (4) and (5) near the plate (8), 

delivering said fluid (7) from said delivery opening (5), 

inhaling said fluid in said inhaling opening (4), 

to support the plate (8) near and at a constant distance 

from said flat surface (11) without physical contact therewith. 

30 3. Method according to claim 1 or 2, in which channels (13) 

are provided radially on the flat surface (11). 

4. Method according to claim 3 f in which the channels (13) are 
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curved and/or inclined from the radial direction of the flat 
surface (11). 



5. Method according to any of claims 1 to 4, in which both the 
opening (4) of the suction pipe (1) and the opening (5) of delivery 

5 pipe (3) are of ring shape or annular, the inner edge of the inner 
pipe and the outer edge of the outer pipe extending lower than the 
flat surface (11) to form stoppers (12a, 12b) . 

6. Method according to any of claims 1 to 5, in which the 
suction pipe (1) and the exhaust pipe (3) are put together to form 

10 a handle (15) . 
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